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$PEURVHñý5ï$ïñý-Uïñý7ï$ïý:RROñýDQGý-ï/ïý0DUWLQïýýìääèïýý7KHý:DWHUý4XDOLW\ý$QDO\VLVý6LPXODWLRQ
3URJUDPñý:$63èñý3DUWý$ãý0RGHOýGRFXPHQWDWLRQïý$WKHQVñý*$ãýý8ï6ïý(3$ý1DWLRQDOý([SRVXUH
5HVHDUFKý/DERUDWRU\ñý(FRV\VWHPVý'LYLVLRQï

$UQROGñý-ï5ïñý5ï/ïý'HQQLVñýDQGý*ï6ïý7RQQHVHQïýìääåïýý$GYDQFHGýWHFKQLTXHVýIRUýHYDOXDWLQJ
HXOHULDQýDLUýTXDOLW\ýPRGHOVãý%DFNJURXQGýDQGýPHWKRGRORJ\ïýýìíWKý-RLQWý&RQIHUHQFHýRQýWKH
$SSOLFDWLRQVýRIý$LUý3ROOXWLRQý0HWHRURORJ\ýZLWKýWKHý$÷:0$ñý-DQXDU\ýììðìçï

%HFNñý0ï%ïýDQGý-ïý&KHQïýýìäääïýý$VVXULQJýWKHýTXDOLW\ýRIýPRGHOVýGHVLJQHGýIRUýSUHGLFWLYHýWDVNVïý,Qã
:LOH\ïýý+DQGERRNýRQý6HQVLWLYLW\ý$QDO\VLVïýý,QýSUHVVï

%HFNñý0ï%ïñý-ï5ïý5DYHW]ñý/ï$ïý0XONH\ñýDQGý7ï2ïý%DUQZHOOïýýìääæïýý2QýWKHýSUREOHPýRIýPRGHO
YDOLGDWLRQýIRUýSUHGLFWLYHýH[SRVXUHýDVVHVVPHQWVïýý6WRFKDVWLFý+\GURORJ\ýDQGý+\GUDXOLFVïýýììãëëäð
ëèéï

%HFNñý0ï%ïýýìäåæïýý:DWHUýTXDOLW\ýPRGHOLQJãýý$ýUHYLHZýRIýWKHýDQDO\VLVýRIýXQFHUWDLQW\ïýý:DWHU
5HVRXUFHVý5HVHDUFKïýýëêõåôãýìêäêðìééëï

%HQQHWñý'ï+ïñý7ï(ïý0F.RQHñýDQGý0ï*ïý'XVHW]LQDïýýìääæïýý%XLOGLQJýXQFHUWDLQW\ýDQGýVHQVLWLYLW\
DQDO\VLVýLQWRýWKHý75,0ýIUDPHZRUNïýý$QQXDOý0HHWLQJýRIýWKHý6RFLHW\ýRIý5LVNý$QDO\VLVñ
:DVKLQJWRQñý'&ï

%RRFKñý*ïýýìääêïýý2EMHFWð2ULHQWHGý$QDO\VLVýDQGý'HVLJQýZLWKý$SSOLFDWLRQVïýý5HGZRRGý&LW\ñý&$ãý
7KHý%HQMDPLQî&XPPLQJVý3XEOLVKLQJý&RPSDQ\ñý,QFï

%UDGHVñý/ï-ïñý+ïýGHQý+ROODQGHUñýDQGý'ïýYDQýGHUý0HHQWïýýìääæïýý6LPSOH%2;ýYýëïíïýý1HWKHUODQGVãý
1DWLRQDOý,QVWLWXWHýRIý3XEOLFý+HDOWKýDQGýWKHý(QYLURQPHQWýõ5,90ôïýý

%URZQHUñý&ïýìääèïýý0HPRýRQý5LVNý&KDUDFWHUL]DWLRQý3URJUDPïý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQ
$JHQF\ñý:DVKLQJWRQñý'&ïýý0DUFKýëìñýìääèï

%XOOñý.ï5ïñý5ï'ïý5REHUWVñý0ï-ïý,QVNLSñýDQGý*ï7ïý*RRGPDQïýýìäææïýý0HUFXU\ýFRQFHQWUDWLRQVýLQ
VRLOñýJUDVVñýHDUWKZRUPVýDQGýVPDOOýPDPPDOVýQHDUýDQýLQGXVWULDOýHPLVVLRQýVRXUFHïýý(QYLURQïý3ROOXWï
ìëãìêèðìéíï

&KHQñý-ïýDQGý0ï%ïý%HFNïýýìääåïýý4XDOLW\ýDVVXUDQFHýRIýPXOWLðPHGLDýPRGHOýIRUýSUHGLFWLYHýVFUHHQLQJ
WDVNVïýý(3$îçííî5ðäåîìíçïýý1DWLRQDOý([SRVXUHý5HVHDUFKý/DERUDWRU\ï

&RDWVñý&ïýýìääåïýý7KHý('66î0RGHOVðêý,î2ý$3,ïýýKWWSãîîZZZïLFHLVïPFQFïRUJî('66îLRDSLîï

&RKQý5ï'ïýDQGý5ï/ïý'HQQLVïýýìääéïýý7KHý(YDOXDWLRQýRIýDFLGýGHSRVLWLRQýPRGHOVýXVLQJýSULQFLSDO
FRPSRQHQWýVSDFHVïýý$WPRVSKHULFý(QYLURQPHQWïýýëåõìèôãýýëèêìðëèéêï
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&RKUVVHQñý-ï-ïýDQGý9ï7ïý&RYHOORïýýìäåäïýý5LVNýDQDO\VLVãý$ýJXLGHýWRýSULQFLSOHVýDQGýPHWKRGVýIRU
DQDO\]LQJýKHDOWKýDQGýHQYLURQPHQWDOýULVNVïýý:DVKLQJWRQñý'&ãýý&RXQFLOýRQý(QYLURQPHQWDOý4XDOLW\
DQGý8ï6ïý'HSDUWPHQWýRIý&RPPHUFHï

&RZDQñý&ï(ïñý'ïý0DFND\ñý7ï&ï-ïý)HLKWHOñý'ïýYDQýGHý0HHQWñý$ïý'L*XDUGRñý-ïý'DYLHVñýDQGý1ï
0DFND\ïýýìääèïýý7KHýPXOWLðPHGLDýIDWHýPRGHOãý$ýYLWDOýWRROýIRUýSUHGLFWLQJýWKHýIDWHýRIýFKHPLFDOVïý
3HQVDFRODñý)/ãýý6(7$&ý3UHVVï

&5$50ïýýìääæïýý&RPPLVVLRQýRQý5LVNý$VVHVVPHQWýDQGý5LVNý0DQDJHPHQWïýý5LVNýDVVHVVPHQWýDQG
ULVNýPDQDJHPHQWýLQýUHJXODWRU\ýGHFLVLRQðPDNLQJïýý)LQDOýUHSRUWñý9ROXPHýëïýý:DVKLQJWRQñý'&ï

&XOOHQñý$ï&ïýDQGý+ï&ïý)UH\ïýýìäääïýý3UREDELOLVWLFýWHFKQLTXHVýLQýH[SRVXUHýDVVHVVPHQWãýý$
KDQGERRNýIRUýGHDOLQJýZLWKýYDULDELOLW\ýDQGýXQFHUWDLQW\ýLQýPRGHOVýDQGýLQSXWVïýý1HZý<RUNñý1<ã
3OHQXPý3UHVVï

'HQQLVñý5ï/ïñý:ï5ïý%DUFKHWñý7ï/ïý&ODUNñý6ï.ïý6HLONRSñýDQGý3ï0ïý5RWKïýýìääíïýý$FLGýGHSRVLWLRQã
6WDWHýRIýVFLHQFHýDQGýWHFKQRORJ\ïýý5HSRUWýèïýý(YDOXDWLRQýRIý5HJLRQDOý$FLGLFý'HSRVLWLRQý0RGHOV
õ3DUWýìôýDQGý6HOHFWHGý$SSOLFDWLRQVýRIý5$'0ýõ3DUWý,,ôïýý1$3$3ñý1DWLRQDOý$FLGý3UHFLSLWDWLRQ
$VVHVVPHQWý3URJUDPï

'XDUWHð'DYLGVRQñý5ïñý$ïý6HZDUWñý5ï(ïý$OFRFNñý,ï7ïý&RXVLQVñýDQGý.ï&ïý-RQHVïýýìääæïýý([SORULQJ
WKHýEDODQFHýEHWZHHQýVRXUFHVñýGHSRVLWLRQñýDQGýWKHýHQYLURQPHQWDOýEXUGHQýRIý3&''î)VýLQýWKHý8.
WHUUHVWULDOýHQYLURQPHQWãý$QýDLGýWRýLGHQWLI\LQJýXQFHUWDLQWLHVýDQGýUHVHDUFKýQHHGVïýý(QYLURQPHQWDO
6FLHQFHýDQGý7HFKQRORJ\ïýêìõìôãìðììï

(IURQñý%ïýýìäåíïýý7KHýMDFNQLIHñýWKHýERRWVWUDSñýDQGýRWKHUýUHVDPSOLQJýSODQVïýý7HFKQLFDOý5HSRUWý1Rï
ìçêïýý'HSDUWPHQWýRIý6WDWLVWLFVñý6WDQIRUGý8QLYHUVLW\ñý6WDQIRUGñý&DOLIRUQLDï

(IUR\PVRQñý5ïñý%ïý6DPSOHñý&ïý+XQVDNHUñý%ïý/\RQñý$ïý6LPFRFNñýDQGý*ïý6XWHUïýýìääæïý$ýG\QDPLF
PRGHOýIRUýWHUUHVWULDOýHFRORJLFDOýH[SRVXUHýWRýWR[LFýDLUýSROOXWDQWVïýý6RFLHW\ýRIý(QYLURQPHQWDO
7R[LFRORJ\ýDQGý&KHPLVWU\ïýýìåWKý$QQXDOý0HHWLQJï

(LVHQEHUJñý1ïñý0ïý)HGHUOLQHñý%ïý6DJDUñý*ïý:LWWPH\HUñý-ïý$QGHUVVRQñýDQGý6ïý:LQJHIRUVïýýìääèïý
9DOLGDWLRQýIURPýDýUHJXODWRU\ýSHUVSHFWLYHïýý,Qãýý*(29$/ý¨äéãý9DOLGDWLRQýWKURXJKýPRGHOýWHVWLQJïý
2(&'ý'RFXPHQWVñý6DIHW\ý$VVHVVPHQWýRIý5DGLRDFWLYHý:DVWHý5HSRVLWRULHVïýý3URFHHGLQJVýRIýDQ
1($î6.,ý6\PSRVLXPý3DULVñý)UDQFHñýììðìéý2FWREHUýìääéïýý1XFOHDUý(QHUJ\ý$JHQF\ï

)HUUDUDñý5ïñý%ï(ïý0DVHUWLñýDQGý5ïý%UHGHUïýýìääìïýý0HUFXU\ýLQýDELRWLFýDQGýELRWLFýFRPSDUWPHQWVýRI
DQýDUHDýDIIHFWHGýE\ýDýJHRFKHPLFDOýDQRPDO\ýõ0Wïý$PLDWDñý,WDO\ôïýý:DWHUý$LUýDQGý6RLOý3ROOXWLRQïý
èçãëìäðëêêï

)LQHñý6ï6ïñý$ïý(\WKñýDQGý+ïý.DULPLïýýìääåDïýý7KHý7RWDOý5LVNý,QWHJUDWHGý0HWKRGRORJ\ýõ75,0ô
FRPSXWHUýV\VWHPýDUFKLWHFWXUHïýý5HVHDUFKý7ULDQJOHý3DUNñý1&ãýý0&1&ð1RUWKý&DUROLQD
6XSHUFRPSXWLQJý&HQWHUï
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)LQHñý6ï6ïñý$ïý(\WKñýDQGý+ïý.DULPLïýýìääåEïýý7KHý7RWDOý5LVNý,QWHJUDWHGý0HWKRGRORJ\ýõ75,0ô
FRPSXWHUýV\VWHPýGHVLJQïýý5HVHDUFKý7ULDQJOHý3DUNñý1&ãýý0&1&ð1RUWKý&DUROLQDý6XSHUFRPSXWLQJ
&HQWHUï

*DUGQHUñý:ï6ïñý'ï5ïý.HQGDOOñý5ï5ïý2GXPñý+ï/ïý:LQGRPñýDQGý-ï$ïý6WHSKHQVïýýìäæåïýý7KH
GLVWULEXWLRQýRIýPHWK\OýPHUFXU\ýLQýDýFRQWDPLQDWHGýVDOWýPDUVKýHFRV\VWHPïýý(QYLURQïý3ROOXWïýìèãëéêð
ëèìï

*XKDñý6ïñý6ïý)RUEHVñý7ï(ïý0F.RQHñý'ï+ïý%HQQHWñý%ïýDQGý)ïý/\RQïýýìääæïýý$ýJHQHUDOL]HGñýPDVVð
FRQVHUYLQJýPXOWLPHGLDýWUDQVSRUWýDQGýWUDQVIRUPDWLRQýPRGHOãý'HYHORSPHQWýRIýWUDQVIHUýIDFWRUVï
$QQXDOý0HHWLQJýRIýWKHý6RFLHW\ýRIý5LVNý$QDO\VLVñý:DVKLQJWRQñý'&ï

+DELFKWñý)ï+ïýìääëïýý0HPRUDQGXPýIURPýWKHý'HSXW\ý$GPLQLVWUDWRUýRIýWKHý8ï6ïý(3$ïý
:DVKLQJWRQñý'&ãýý8ï6ïý(3$ñý2IILFHýRIýWKHý$GPLQLVWUDWRUñý7DVNý)RUFHýRQý(QYLURQPHQWDO
5HJXODWRU\ý0RGHOLQJïýý0DUFKýëï

+HOWRQñý-ï&ïñý5ï/ïý,PDQñý-ï'ïý-RKQVRQñýDQGý&ï'ïý/HLJKïýýìäåäïýý8QFHUWDLQW\ýDQGýVHQVLWLYLW\
DQDO\VLVýRIýDýGU\ýFRQWDLQPHQWýWHVWýSUREOHPýIRUýWKHý0$(526ý$HURVROý0RGHOïýý1XFOHDUý6FLHQFH
DQGý(QJLQHHULQJïýýìíëãëëðéëï

+RGJHVñý-ï6ïýDQGý-ï$ïý'HZDUïýýìääëïýý,VýLWý\RXýRUýLVý\RXUýPRGHOýWDONLQJ"ý$ýIUDPHZRUNýIRUýPRGHO
YDOLGDWLRQïýý,6%1ãýíðåêêíðìëëêðìïýý6DQWDý0RQLFDñý&$ãýý5$1'ý&RUSRUDWLRQï

,JQHVWLý*ïñý0ïý/RGRYLFLñý3ïý'RODUDñý3ïý/XFLDñýDQGý'ïý*UHFKLïýýìääëïýý3RO\F\FOLFýDURPDWLF
K\GURFDUERQVýLQýROLYHýIUXLWVýDVýDýPHDVXUHýRIýDLUýSROOXWLRQýLQýWKHýYDOOH\ýRIý)ORUHQFHýõ,WDO\ôïý
%XOOHWLQýRIý(QYLURQPHQWDOý&RQWDPLQDWLRQýDQGý7R[LFRORJ\ïýýéåõçôãåíäðåìéï

-RKQVRQñý7ïñý*ïý0LKODQñý-ïý/D3RLQWHñý.ïý)OHWFKHUñýDQGý-ïý&DSHOïýýìäääïýý(VWLPDWLRQýRIý&DUERQ
0RQR[LGHý([SRVXUHVýDQGý$VVRFLDWHGý&DUER[\KHPRJORELQý/HYHOVýLQý'HQYHUý5HVLGHQWVý8VLQJ
S1(0î&2ýõYHUVLRQýëïíýôïýý5HSRUWýSUHSDUHGýE\ý75-ý(QYLURQPHQWDOñý,QFïñýIRUýWKHý2IILFHýRIý$LU
4XDOLW\ý3ODQQLQJýDQGý6WDQGDUGVýXQGHUý(3$ý&RQWUDFWý1Rïýçåð'çðííçéñý0DUFKýìäääï

-RKQVRQñý7ïñý*ï:ïý6XWHUñýDQGý7ïý3DOPDïýýìääæïýý75,0ï)D7(ãý$ý75,0ýPRGXOHýIRUýOLQNLQJ
PXOWLPHGLDýHQYLURQPHQWDOýV\VWHPVýZLWKýELRWLFýGRPDLQVïý$QQXDOý0HHWLQJýRIýWKHý6RFLHW\ýRIý5LVN
$QDO\VLVñý:DVKLQJWRQñý'&ï

-RKQVRQñý7ïñý0ïý0F&R\ñýDQGý-ïý&DSHOïýýìääêïýý(QKDQFHPHQWVýWRýWKHý+D]DUGRXVý$LUý3ROOXWDQW
([SRVXUHý0RGHOýõ+$3(0ôýDVý$SSOLHGýWRý0RELOHý6RXUFHý3ROOXWDQWVïýý5HSRUWýSUHSDUHGýE\
,QWHUQDWLRQDOý7HFKQRORJ\ý&RUSRUDWLRQñýIRUýWKHý2IILFHýRIý$LUý4XDOLW\ý3ODQQLQJýDQGý6WDQGDUGV
XQGHUý(3$ý&RQWUDFWý1Rïýçåð'2ðííçëñý6HSWHPEHUýìääêï

-RKQVRQñý7ïñý-ïý&DSHOñý5ïý3DXOñýDQGý/ïý:LMQEHUJïýýìääëïýý(VWLPDWLRQýRIý&DUERQý0RQR[LGH
([SRVXUHVýDQGý$VVRFLDWHGý&DUER[\KHPRJORELQý/HYHOVýLQý'HQYHUý5HVLGHQWVý8VLQJýDý3UREDELOLVWLF
9HUVLRQýRIý1(0ïýý5HSRUWýSUHSDUHGýE\ý,QWHUQDWLRQDOý7HFKQRORJ\ý&RUSRUDWLRQñýIRUýWKHý2IILFHýRI
$LUý4XDOLW\ý3ODQQLQJýDQGý6WDQGDUGVýXQGHUý(3$ý&RQWUDFWý1Rïýçåð'2ðííçëñý-XO\ýìääëï
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-RQHVñý.ï&ïýDQGý5ïý'XDUWHð'DYLGVRQïýýìääæïýý7UDQVIHUVýRIýDLUERUQHý3&''î)VýWRýEXONýGHSRVLWLRQ
FROOHFWRUVýDQGýKHUEDJHïýý(QYLURQPHQWDOý6FLHQFHýDQGý7HFKQRORJ\ïýýêìõìíôãëäêæðëäéêï

-XU\ñý:ïñý:ïý6SHQFHUñýDQGý:ïý)DUPHUïýýìäåêïýý%HKDYLRUýDVVHVVPHQWýPRGHOýIRUýWUDFHýRUJDQLFVýLQ
VRLOãý,ïý0RGHOýGHVFULSWLRQïýý-ïý(QYLURQïý4XDOïýýìëãèèåðèçéï

.Rñý)ï&ïýDQGý-ï(ïý%DNHUïýýìääèïýý3DUWLWLRQLQJýRIýK\GURSKRELFýRUJDQLFýFRQWDPLQDQWVýWR
UHVXVSHQGHGýVHGLPHQWVýDQGýSODQNWRQýLQýWKHýPHVRKDOLQHý&KHVDSHDNHý%D\ïýý0DULQHý&KHPLVWU\ïý
éäãìæìðìååï

.RQLNRZý/ï)ïýDQGý-ï'ïý%UHGHKRHIWïýýìääëïýý*URXQGðZDWHUýPRGHOVýFDQQRWýEHýYDOLGDWHGïýý$GY
:DWHUý5HVRXUïýýìèõìôãæèðåêï

.XFNOLFNñý-ï5ïñý+ï5ïý+DUYH\ñý3ï+ïý2VWURPñý1ï(ïý2VWURPñýDQGý-ï(ïý%DNHUïýýìääçïýý2UJDQRFKORULQH
G\QDPLFVýLQýWKHýSHODJLFýIRRGýZHEýRIý/DNHý%DLNDOïýý(QYLURQPHQWDOý7R[LFRORJ\ýDQGý&KHPLVWU\ïý
ìèõåôãìêååðìéííï

.XFNOLFNñý-ï5ïýDQGý-ï(ïý%DNHUïýýìääåïýý2UJDQRFKORULQHVýLQý/DNHý6XSHULRU©VýIRRGýZHEïýý
(QYLURQPHQWDOý6FLHQFHýDQGý7HFKQRORJ\ïýýêëãììäëðììäåï

/D\WRQñý'ï:ïñý7ï(ïý0F.RQHñý-ï3ïý.QH]RYLFKñýDQGý-ï-ïý:RQJïýýìääêïýý$VVHVVPHQWýRIý([SRVXUHVýWR
*HQRWR[LFý6XEVWDQFHVïýý,Qãýý0HWKRGVýIRUý*HQHWLFý5LVNý$VVHVVPHQWïýý$QQý$UERUñý0,ãýý/HZLV
3XEOLVKHUVï

/HLVWHUñý'ï/ïýDQGý-ï(ïý%DNHUïýýìääéïýý$WPRVSKHULFýGHSRVLWLRQýRIýRUJDQLFýFRQWDPLQDQWVýWRýWKH
&KHVDSHDNHý%D\ïýý$WPRVSKHULFý(QYLURQPHQWïýýëìõåôãìéääðìèëíï

/HQNDñý0ïñý.ï.ïý3DQGDñýDQGý%ï%ïý3DQGDïýýìääëïýý0RQLWRULQJýDQGýDVVHVVPHQWýRIýPHUFXU\ýSROOXWLRQ
LQýWKHýYLFLQLW\ýRIýDýFKORUðDONDOLýSODQWïýýéïýý%LRFRQFHQWUDWLRQýRIýPHUFXU\ýLQýLQýVLWXýDTXDWLFýDQG
WHUUHVWULDOýSODQWVýDWý*DQMDPñý,QGLDïýý$UFKLYHVýRIý(QYLURQPHQWDOý&RQWDPLQDWLRQýDQGý7R[LFRORJ\ï
ëëõëôãìäèðëíëï

/\RQñý%ï)ïñý6ïý*XKDñýDQGý7ï(ïý0F.RQHïýýìääæïýý75,0ãý0DWKHPDWLFDOýDQGýQXPHULFDOýDVSHFWVïý
$QQXDOý0HHWLQJýRIýWKHý6RFLHW\ýRIý5LVNý$QDO\VLVñý:DVKLQJWRQñý'&ï

0DGGDOHQDý5ï/ïñý7ï(ïý0F.RQHñý'ï3ï+ïý+VLHKñýDQGý6ïý*HQJïýýìäääïýý,QIOXHQWLDOýSDUDPHWHU
FODVVLILFDWLRQýLQýSUREDELOLVWLFýPXOWLPHGLDýPRGHOVïý6WRFKDVWLFý(QYLURQPHQWDOý5HVHDUFKýDQGý5LVN
$VVHVVPHQWï

0DGGDOHQDñý5ï/ïýýìääåïýý0RGHOýGLUHFWHGýLQYHVWLJDWLRQýDQGýPHDVXUHPHQWýRIýWKHýIDWHýRIýSRO\F\FOLF
DURPDWLFýK\GURFDUERQVýDPRQJýWKHýDWPRVSKHUHýDQGýYHJHWDWLRQïýý3Kï'ïý'LVVHUWDWLRQñý8QLYHUVLW\ýRI
&DOLIRUQLDñý'DYLVï

0DVHUWLñý%ï(ïýDQGý5ïý)HUUDUDïýýìääìïýý0HUFXU\ýLQýSODQWVñýVRLOýDQGýDWPRVSKHUHýQHDUýDýFKORUðDONDOL
FRPSOH[ïýý:DWHUý$LUýDQGý6RLOý3ROOXWLRQïýýèçãìèðëíï
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0DVRQñý5ï3ïñý1ï0ïý/DZVRQñý$ï/ïý/DZUHQFHñý-ï-ïý/HDQHUñý-ï*ïý/HHñýDQGý*ï5ïý6KHXïýýìäääïý
0HUFXU\ýLQýWKHý&KHVDSHDNHý%D\ïýý0DULQHý&KHPLVWU\ïýýçèõìðëôãææðäçï

0DVRQñý5ï3ïñý1ï0ïý/DZVRQñýDQGý.ï$ïý6XOOLYDQïýýìääæDïýý$WPRVSKHULFýGHSRVLWLRQýWRýWKH
&KHVDSHDNHý%D\ý:DWHUVKHGý¤ý5HJLRQDOýDQGýORFDOýVRXUFHVïýý$WPRVSKHULFý(QYLURQPHQWïýýêìõëìôã
êèêìðêèéíï

0DVRQñý5ï3ïñý1ï0ïý/DZVRQñýDQGý.ï$ïý6XOOLYDQïýýìääæEïýý7KHýFRQFHQWUDWLRQñýVSHFLDWLRQýDQG
VRXUFHVýRIýPHUFXU\ýLQý&KHVDSHDNHý%D\ýSUHFLSLWDWLRQïýý$WPRVSKHULFý(QYLURQPHQWïýýêìõëìôã
êèéìðêèèíï

0F&RQQHOOý/ï/ïñý(ïý1HOVRQñý&ï3ïý5LFHñý-ï(ïý%DNHUñý:ï(ïý-RKQVRQñý-ï$ïý+DUPDQñýDQGý.ïý%LDOHNïý
ìääæïýý&KORUS\URIRVýLQýWKHýDLUýDQGýVXUIDFHýZDWHUýRIý&KHVDSHDNHý%D\ãý3UHGLFWLRQVýRIýDWPRVSKHULF
GHSRVLWLRQýIOX[HVïýý(QYLURQPHQWDOý6FLHQFHýDQGý7HFKQRORJ\ïýýêìãìêäíðìêäåï

0F.RQHñý7ï(ïñý6ïý*XKDñý7ïý-RKQVRQñý%ïý/\RQñý*ïý6XWHUñýDQGý$ïý9DVXïýýìääæDïýý$ýPXOWLPHGLD
KHDOWKýDQGýHFRORJLFDOýULVNýDVVHVVPHQWýPHWKRGRORJ\ýIRUýDLUýSROOXWDQWVïýý6RFLHW\ýRIý(QYLURQPHQWDO
7R[LFRORJ\ýDQGý&KHPLVWU\ïýýìåWKý$QQXDOý0HHWLQJï

0F.RQHñý7ï(ïñý7ï5ïý-RKQVRQñýDQGý*ï:ïý6XWHUý,,ïýýìääæEïýý(VWLPDWLQJýPXOWLðSDWKZD\ýKXPDQýDQG
HFRV\VWHPýH[SRVXUHVýZLWKLQýWKHý7RWDOý5LVNý,QWHJUDWHGý0RGHOýõ75,0ôïýý$QQXDOý0HHWLQJýRIýWKH
6RFLHW\ýRIý5LVNý$QDO\VLVñý:DVKLQJWRQñý'&ï

0F.RQHñý7ï(ïýýìääêDïýý&DO72;ñý$ý0XOWLPHGLDý7RWDOð([SRVXUHý0RGHOýIRUý+D]DUGRXVý:DVWHV
6LWHVý3DUWý,ãý([HFXWLYHý6XPPDU\ñý/DZUHQFHý/LYHUPRUHý1DWLRQDOý/DERUDWRU\ñý/LYHUPRUHñý&$ñ
85/ð&5ðììéèçñý3Wïý,ï

0F.RQHñý7ï(ïýýìääêEïýý&DO72;ñý$ý0XOWLPHGLDý7RWDOð([SRVXUHý0RGHOýIRUý+D]DUGRXVý:DVWHV
6LWHVý3DUWý,,ãý7KHý'\QDPLFý0XOWLPHGLDý7UDQVSRUWýDQGý7UDQVIRUPDWLRQý0RGHOñý/DZUHQFH
/LYHUPRUHý1DWLRQDOý/DERUDWRU\ñý/LYHUPRUHñý&$ñý8&5/ð&5ðìììéèçñý3Wïý,,ï

0F.RQHñý7ï(ïýýìääêFïýý&DO72;ñý$ý0XOWLPHGLDý7RWDOð([SRVXUHý0RGHOýIRUý+D]DUGRXVý:DVWHV
6LWHVý3DUWý,,,ãý7KHý0XOWLSOHð3DWKZD\ý([SRVXUHý0RGHOñý/DZUHQFHý/LYHUPRUHý1DWLRQDOý/DERUDWRU\ñ
/LYHUPRUHñý&$ñý8&5/ð&5ðìììéèçñý3Wïý,,,ï

0RUJDQñý*ï0ïýDQGý0ïý+HQULRQïýýìääíïýý8QFHUWDLQW\ãý$ýJXLGHýWRýGHDOLQJýZLWKýXQFHUWDLQW\ýRQ
TXDQWLWDWLYHýULVNýDQGýSROLF\ýDQDO\VLVïýý1HZý<RUNñý1<ãýý&DPEULGJHý8QLYHUVLW\ý3UHVVï

1JX\HQñý.ï&ïñý-ï$ïý1RRQRQñý,ï(ïý*DOEDOO\ñýDQGý:ï/ïý3K\VLNïýý3UHGLFWLRQVýRIýSOXPHýGLVSHUVLRQýLQ
FRPSOH[ýWHUUDLQãý(XOHULDQýYHUVXVý/DJUDQJLDQýPRGHOVïýý$WPRVSKHULFý(QYLURQPHQWïýýêìõæôãý
äéæðäèåï

15&ïýìääçïýý1DWLRQDOý5HVHDUFKý&RXQFLOïýý8QGHUVWDQGLQJý5LVNïýý:DVKLQJWRQñý'&ãýý1DWLRQDO
$FDGHP\ý3UHVVï
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15&ïýìääéïýý1DWLRQDOý5HVHDUFKý&RXQFLOïýý6FLHQFHýDQGýMXGJPHQWýLQýULVNýDVVHVVPHQWïýý:DVKLQJWRQñ
'&ãýý1DWLRQDOý$FDGHP\ý3UHVVï

15&ïýýìäåêïýý1DWLRQDOý5HVHDUFKý&RXQFLOïýý5LVNý$VVHVVPHQWýLQýWKHý)HGHUDOý*RYHUQPHQWã
0DQDJLQJýWKHý3URFHVVïýý:DVKLQJWRQñý'&ãý1DWLRQDOý$FDGHP\ý3UHVVï
ý
2IIHQEHUJñý-ï+ïýDQGý-ï(ïý%DNHUïýýìääæïýý3RO\FKORULQDWHGýELSKHQ\OVýLQý&KLFDJRýSUHFLSLWDWLRQã
(QKDQFHGýZHWýGHSRVLWLRQýWRýQHDUðVKRUHý/DNHý0LFKLJDQïýý(QYLURQPHQWDOý6FLHQFHýDQGý7HFKQRORJ\ï
êìãìèêéðìèêåï

2UHVNHVñý1ïñý.ïý6KUDGHUð)UHFKHWWHñýDQGý.ïý%HOLW]ïýýìääéïýý9HULILFDWLRQñýYDOLGDWLRQñýDQG
FRQILUPDWLRQýRIýQXPHULFDOýPRGHOVýLQýWKHýHDUWKýVFLHQFHVïýý6FLHQFHïýýëçêãçéìðçéçï

g]ND\QDNñý+ïñý0ïïý=XIDOOñý-ïý%XUNHñý-ïý;XHñýDQGý-ïý=LGHNïýýìäääïýý$ýSUREDELOLVWLFýSRSXODWLRQ
H[SRVXUHýPRGHOýIRUý30ìíýDQGý30ëïèïýý3UHVHQWHGýDWýä

WKý&RQIHUHQFHýRIýWKHý,QWHUQDWLRQDOý6RFLHW\ýRI
([SRVXUHý$QDO\VLVñý$WKHQVñý*UHHFHñý6HSWHPEHUýèðåñýìäääï

3DOPDñý7ïñý0ïý5LOH\ñýDQGý-ï(ïý&DSHOïýýìääçïýý'HYHORSPHQWýDQGý(YDOXDWLRQýRIý(QKDQFHPHQWVýWRýWKH
+D]DUGRXVý$LUý3ROOXWDQWý([SRVXUHý0RGHOýõ+$3(0ð06êôïýý5HSRUWýSUHSDUHGýE\ý,QWHUQDWLRQDO
7HFKQRORJ\ý&RUSRUDWLRQñýIRUýWKHý2IILFHýRIý$LUý4XDOLW\ý3ODQQLQJýDQGý6WDQGDUGVýXQGHUý(3$
&RQWUDFWý1Rïýçêð'2ðêííäéñý6HSWHPEHUýìääçï

3OHLPñý-ï(ïýDQGý-ïý&KDQJïýìääëïýý$ýQRQðORFDOýFORVXUHýPRGHOýIRUýYHUWLFDOýPL[LQJýLQýWKHýFRQYHFWLYH
ERXQGDU\ýOD\HUïýý$WPRVSKHULFý(QYLURQPHQWïýýëç$ãýýäçèðäåìï

6DOWHOOLñý$ïñý6ïý7DUDQWXODñýDQGý.ïý&KDQïýýìäääïýý$ýTXDQWLWDWLYHýPRGHOýLQGHSHQGHQWýPHWKRGýIRU
JOREDOýVHQVLWLYLW\ýDQDO\VLVýRIýRXWSXWïýý7HFKQRPHWULFVïýýéìõìôãýêäðèçï

6FKDW]PDQQñý0ïñý6ïý5DIDLOLGLVñýDQGý0ïý3DYDJHDXïýýìääæïýý6RPHýUHPDUNVýRQýWKHýYDOLGDWLRQýRI
VPDOOðVFDOHýGLVSHUVLRQýPRGHOVýZLWKýILHOGýDQGýODERUDWRU\ýGDWDïýý-RXUQDOýRIý:LQGý(QJLQHHULQJýDQG
,QGXVWULDOý$HURG\QDPLFVïýýçæõåôãååèðåäêï

6H[WRQñý.ïñý'ï(ïý.OHIIPDQñýDQGý0ï$ïý&DOODKDQïýýìääèïýý$QýLQWURGXFWLRQýWRýWKHý1DWLRQDOý+XPDQ
([SRVXUHý$VVHVVPHQWý6XUYH\ýõ1+(;$6ôýDQGýUHODWHGý3KDVHý,ýILHOGýVWXGLHVïýý-RXUQDOýRIý([SRVXUH
$QDO\VLVýDQGý(QYLURQPHQWDOý(SLGHPLRORJ\ïýýèõêôãëëäðëêëï

6KDZñý%ï3ïýDQGý$ï.ïý3DQLJUDKLïýýìäåçïýý8SWDNHýDQGýWLVVXHýGLVWULEXWLRQýRIýPHUFXU\ýLQýVRPHýSODQW
VSHFLHVýFROOHFWHGýIURPýDýFRQWDPLQDWHGýDUHDýLQý,QGLDãý,WVýHFRORJLFDOýLPSOLFDWLRQVïýý$UFKïý(QYLURQï
&RQWDPïý7R[LFROïýìèãéêäðééçï

6LPRQLFKý6ï/ïýDQGý5ï$ïý+LWHVïýýìääéïýý9HJHWDWLRQðDWPRVSKHUHýSDUWLWLRQLQJýRIýSRO\F\FOLFýDURPDWLF
K\GURFDUERQVïýý(QYLURQPHQWDOý6FLHQFHýDQGý7HFKQRORJ\ïýýëåõèôãäêäðäéêï

6SHDUñý&ï5ïýýìääæïýý/DUJHýVLPXODWLRQýPRGHOVãý&DOLEUDWLRQñýXQLTXHQHVVýDQGýJRRGQHVVýRIýILWïý
(QYLURQý0RGHOLQJýDQGý6RIWZDUHïýýìëãëìäðëëåï
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6SHDUñý5ï&ïñý7ï0ïý*ULHEñýDQGý1ïý6KDQJïýýìääéïýý3DUDPHWHUýXQFHUWDLQW\ýDQGýLQWHUDFWLRQýLQýFRPSOH[
HQYLURQPHQWDOýPRGHOVïýý:DWHUý5HVRXUFHVý5HVHDUFKïýýêíõììôãêìèäðêìçäï

7DOPDJHñý6ï6ïýDQGý%ï7ïý:DOWRQïýýìääêïýý)RRGýFKDLQýWUDQVIHUýDQGýSRWHQWLDOýUHQDOýWR[LFLW\ýRI
PHUFXU\ýWRýVPDOOýPDPPDOVýDWýDýFRQWDPLQDWHGýWHUUHVWULDOýILHOGýVLWHïýý(FRWR[LFROïýëãëéêðëèçï

7D\ORUñý$ï&ïýýìääêïýý8VLQJýREMHFWLYHýDQGýVXEMHFWLYHýLQIRUPDWLRQýWRýGHYHORSýGLVWULEXWLRQVýIRU
SUREDELOLVWLFýH[SRVXUHýDVVHVVPHQWïýýý-RXUQDOýRIý([SRVXUHý$QDO\VLVýDQGý(QYLURQPHQWDO
(SLGHPLRORJ\ïýýêãëåèðëäåï

7KRPDVñý:ïñý$ïý5XKOLQJñýDQGý+ïý6LPRQïýýìäåéïýý$FFXPXODWLRQýRIýDLUERUQHýSROOXWDQWVýõ3$+ñ
FKORULQDWHGýK\GURFDUERQVñýKHDY\ýPHWDOVôýLQýYDULRXVýSODQWýVSHFLHVýDQGýKXPXVïýý(QYLURQïý3ROOXW
õ6HULHVý$ôïýýêçãëäèðêìíï

8ï6ïý(3$ïýýìäääDïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý$Qý6$%ý$GYLVRU\ãýý7KHý1DWLRQDO
+XPDQý([SRVXUHý$VVHVVPHQWý6XUYH\ýõ1<+(;$66ôý3LORWý6WXGLHVïýý(3$ð6$%ð,+(&ð$'9ðääð
ííéïýý,QWHJUDWHGý+XPDQý([SRVXUHý&RPPLWWHHñý6FLHQFHý$GYLVRU\ý%RDUGïýý)HEUXDU\ï

8ï6ïý(3$ïýýìäääEïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý'HSRVLWLRQýRIýDLUýSROOXWDQWVýWRýWKH
*UHDWý:DWHUVãýý7KLUGý5HSRUWýWRý&RQJUHVVïýý,QýSUHVVïýý2IILFHýRIý$LUý4XDOLW\ý3ODQQLQJýDQG
6WDQGDUGVï

8ï6ïý(3$ïýìäääFïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý*XLGDQFHýIRUý&RQGXFWLQJý+HDOWK
5LVNý$VVHVVPHQWýRIý&KHPLFDOý0L[WXUHVïý([WHUQDOý6FLHQWLILFý3HHUý5HYLHZý'UDIWïýý1&($ð&ðíìéåïý
$SULOýìäääïýý2IILFHýRIý5HVHDUFKýDQGý'HYHORSPHQWñý:DVKLQJWRQñý'&ï

8ï6ïý(3$ïýýìäääGïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý0HWKRGRORJ\ýIRUý$VVHVVLQJý+HDOWK
5LVNVý$VVRFLDWHGýZLWKý0XOWLSOHý3DWKZD\VýRIý([SRVXUHýWRý&RPEXVWRUý(PLVVLRQVïýý2IILFHýRI
5HVHDUFKýDQGý'HYHORSPHQWñý1DWLRQDOý&HQWHUýIRUý(QYLURQPHQWDOý$VVHVVPHQWïýý(3$ýçííî5ð
äæîìêæï

8ï6ïý(3$ïýýìäääHïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý1DWLRQDOý$LUý7R[LFVý3URJUDPãý7KH
,QWHJUDWHGý8UEDQý6WUDWHJ\ïýý)HGHUDOý5HJLVWHUýçéãýêåæíèðêåæéíïýý-XO\ýìäï

8ï6ïý(3$ïýýìäääIïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý5HVLGXDOý5LVNý5HSRUWýWRý&RQJUHVVïý
2IILFHýRIý$LUý4XDOLW\ý3ODQQLQJýDQGý6WDQGDUGVñý5HVHDUFKý7ULDQJOHý3DUNñý1&ïýý0DUFKï

8ï6ïý(3$ïýýìäääJïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý6\VWHPVý,QVWDOODWLRQýDQGý2SHUDWLRQ
0DQXDOýIRUýWKHý(3$ý7KLUGð*HQHUDWLRQý$LUý4XDOLW\ý0RGHOLQJý6\VWHPýõ0RGHOVðêý9HUVLRQýêïíôïý
$WPRVSKHULFý0RGHOLQJý'LYLVLRQñý1DWLRQDOý([SRVXUHý5HVHDUFKý/DERUDWRU\ñý5HVHDUFKý7ULDQJOH
3DUNñý1&ýDQGý(3$ý6\VWHPVý'HYHORSPHQWý&HQWHUýõ$ýFRQWUDFWRUýRSHUDWHGýIDFLOLW\ôñý6FLHQFH
$SSOLFDWLRQVý,QWHUQDWLRQDOý&RUSRUDWLRQñý$UOLQJWRQñý9$ïýý-XQHï

8ï6ïý(3$ïýýìäääKïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý7RWDOý5LVNý,QWHJUDWHGý0HWKRGRORJ\
õ75,0ôý75,0ï([SRý7HFKQLFDOý6XSSRUWý'RFXPHQWïýý([WHUQDOý5HYLHZý'UDIWïýý(3$ðéèêî'ðääðííìïý
5HVHDUFKý7ULDQJOHý3DUNñý1&ãý2IILFHýRIý$LUý4XDOLW\ý3ODQQLQJýDQGý6WDQGDUGVïýý1RYHPEHUï
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8ï6ïý(3$ïýýìäääLïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý7RWDOý5LVNý,QWHJUDWHGý0HWKRGRORJ\
õ75,0ôý75,0ï)D7(ý7HFKQLFDOý6XSSRUWý'RFXPHQWñý9ROXPHý,ãý'HVFULSWLRQýRIý0RGXOHïýý([WHUQDO
5HYLHZý'UDIWïýý2IILFHýRIý$LUý4XDOLW\ý3ODQQLQJýDQGý6WDQGDUGVïý(3$ðéèêî'ðääðííë$ïýý1RYHPEHUï

8ï6ïý(3$ïýýìäääMïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý7RWDOý5LVNý,QWHJUDWHGý0HWKRGRORJ\
õ75,0ôý75,0ï)D7(ý7HFKQLFDOý6XSSRUWý'RFXPHQWñý9ROXPHý,,ãý'HVFULSWLRQýRIý&KHPLFDO
7UDQVSRUWýDQGý7UDQVIRUPDWLRQý$OJRULWKPVïýý([WHUQDOý5HYLHZý'UDIWïýý2IILFHýRIý$LUý4XDOLW\
3ODQQLQJýDQGý6WDQGDUGVïýý(3$ðéèêî'ðääðííë%ïýý1RYHPEHUï

8ï6ïý(3$ïýýìääåDïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý$GYLVRU\ýRQýWKHý7RWDOý5LVN
,QWHJUDWHGý0HWKRGRORJ\ýõ75,0ôïýý(3$ð6$%ð(&ð$'9ðääðííêïýý6FLHQFHý$GYLVRU\ý%RDUGï

8ï6ïý(3$ïýýìääåEïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý3HHUý5HYLHZý+DQGERRNïýý(3$îìííð
%ðäåðííìïýý-DQXDU\ïýý:DVKLQJWRQñý'&ãýý2IILFHýRIý6FLHQFHý3ROLF\ïýý

8ï6ïý(3$ïýýìääåFïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý5LVNý&KDUDFWHUL]DWLRQý+DQGERRNïý
'UDIWïýý(3$ýìííð%ðääðíí;ïýý6FLHQFHý3ROLF\ý&RXQFLOï

8ï6ïý(3$ïýýìääåGïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý6WXG\ýRIý+D]DUGRXVý$LUý3ROOXWDQWV
IURPý(OHFWULFý8WLOLW\ý6WHDPý*HQHUDWLQJý8QLWVý¤ý)LQDOý5HSRUWýWRý&RQJUHVVïýý(3$ýéèêî5ðäåäðííéDïý
)HEUXDU\ï

8ï6ïý(3$ïýýìääåHïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý7KHý7RWDOý5LVNý,QWHJUDWHG
0HWKRGRORJ\ãýý,PSOHPHQWDWLRQýRIýWKHý75,0ýFRQFHSWXDOýGHVLJQýWKHý75,0ï)D7(ýPRGXOHïýý6WDWXV
UHSRUWïýý(3$ðéèëî5ðäåðííìïýý2IILFHýRIý$LUý4XDOLW\ý3ODQQLQJýDQGý6WDQGDUGVï

8ï6ïý(3$ïýýìääåIïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý7KHý7RWDOý5LVNý,QWHJUDWHG
0HWKRGRORJ\ãý7HFKQLFDOý6XSSRUWý'RFXPHQWýIRUýWKHý75,0ï)D7(ý0RGXOHïýý2IILFHýRIý$LUý4XDOLW\
3ODQQLQJýDQGý6WDQGDUGVïýý0DUFKýìääåïýý(3$ðéèëî'ðäåðííìï

8ï6ïý(3$ïýýìääåJïý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý:KLWHýSDSHUýRQýWKHýQDWXUHýDQGýVFRSH
RIýLVVXHVýRQýDGRSWLRQýRIýPRGHOýXVHýDQGýDFFHSWDELOLW\ýJXLGDQFHïýý([WHUQDOýUHYLHZýGUDIWïýý
:DVKLQJWRQñý'&ãý6FLHQFHý3ROLF\ý&RXQFLOï

8ï6ïý(3$ïýýìääæDïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý0HUFXU\ý6WXG\ý5HSRUWýWRý&RQJUHVV
õ9ROXPHVý,ð9,,,ôïýý(3$ðéèëî5ðäæðííèïýý2IILFHýRIý$LUý4XDOLW\ý3ODQQLQJýDQGý6WDQGDUGVï

8ï6ïý(3$ïýýìääæEïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïý*XLGLQJýSULQFLSOHVýIRUý0RQWHý&DUOR
DQDO\VLVïýý(3$îçêíî5ðäæîííìïý:DVKLQJWRQñý'&ãýý2IILFHýRIý5HVHDUFKýDQGý'HYHORSPHQWï

8ï6ïý(3$ïýýìääæFïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý*XLGDQFHýRQý&XPXODWLYHý5LVN
$VVHVVPHQWï

8ï6ïý(3$ïýýìääçDïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý*XLGHOLQHVýIRUý5HSURGXFWLYH
7R[LFLW\ý5LVNý$VVHVVPHQWïýý(3$îçêíî5ðäçîííäïýý:DVKLQJWRQñý'&ãýý2IILFHýRIý5HVHDUFKýDQG
'HYHORSPHQWï
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8ï6ïý(3$ïýýìääçEïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý3URSRVHGý*XLGHOLQHVýIRUý&DUFLQRJHQ
5LVNý$VVHVVPHQWïýý(3$ðçííî3ðäëðííêFïýý:DVKLQJWRQñý'&ãý2IILFHýRIý5HVHDUFKýDQGý'HYHORSPHQWï

8ï6ïý(3$ïýýìääèDïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý*XLGDQFHýIRUý5LVNý&KDUDFWHUL]DWLRQïý
2IILFHýRIý6FLHQFHý3ROLF\ñý:DVKLQJWRQñý'&ï

8ï6ïý(3$ïýýìääèEïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý3ROLF\ýIRUý5LVNý&KDUDFWHUL]DWLRQýDW
WKHý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý2IILFHýRIýWKHý$GPLQLVWUDWRUñý:DVKLQJWRQñý'&ï

8ï6ïý(3$ïýýìääèFïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý8VHU©Vý*XLGHýIRUýWKHý,QGXVWULDO
6RXUFHý&RPSOH[ýõ,6&êôý'LVSHUVLRQý0RGHOVãý9ROXPHý,ãý8VHU©Vý,QVWUXFWLRQVïýý2IILFHýRIý$LU
4XDOLW\ý3ODQQLQJýDQGý6WDQGDUGVñý(PLVVLRQVñý0RQLWRULQJñýDQGý$QDO\VLVý'LYLVLRQñý5HVHDUFK
7ULDQJOHý3DUNñý1RUWKý&DUROLQDï

8ï6ïý(3$ïýìääéDïý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý5HSRUWýRIýWKHý$JHQF\ý7DVNý)RUFHýRQ
(QYLURQPHQWDOý5HJXODWRU\ý0RGHOLQJïý*XLGDQFHñýVXSSRUWýQHHGVñýGUDIWýFULWHULDýDQGýFKDUWHUïýý(3$
èííð5ðäéðííìïý:DVKLQJWRQñý'&ãýý2IILFHýRIý6ROLGý:DVWHýDQGý(PHUJHQF\ý5HVSRQVHï

8ï6ïý(3$ïýýìääéEïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý9DOLGDWLRQý6WUDWHJ\ýIRUýWKH
,QWHJUDWHGý([SRVXUHý8SWDNHý%LRNLQHWLFý0RGHOýIRUý/HDGýLQý&KLOGUHQïýý3%äéðäçêèíéñý(3$ýèéíî5ð
äéðíêäñý3XEOLFDWLRQý1XPEHUýäëåèïæðëìïýý:DVKLQJWRQñý'&ãýý7HFKQLFDOý5HYLHZý:RUNJURXSýIRU
/HDGñý2IILFHýRIý(PHUJHQF\ýDQGý5HPHGLDOý5HVSRQVHïý

8ï6ïý(3$ïýýìääêïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý&RPPXQLFDWLQJý5LVNýWRý6HQLRUý(3$
3ROLF\ý0DNHUVãý$ý)RFXVý*URXSý6WXG\ñý2IILFHýRIý$LUý4XDOLW\ý3ODQQLQJýDQGý6WDQGDUGVñý5HVHDUFK
7ULDQJOHý3DUNñý1&ïýý0DUFKýìääêï

8ï6ïý(3$ïýìäåäïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý5HVROXWLRQýRQýWKHýXVHýRIýPDWKHPDWLFDO
PRGHOVýE\ý(3$ýIRUýUHJXODWRU\ýDVVHVVPHQWýDQGýGHFLVLRQýPDNLQJïýý(3$ð6$%ð((&ðåäðíìëï
:DVKLQJWRQñý'&ãýý6FLHQFHý$GYLVRU\ý%RDUGñý(QYLURQPHQWDOý(QJLQHHULQJý&RPPLWWHHï

8ï6ïý(3$ïýýìäåçDïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý*XLGHOLQHVýIRUýWKHýKHDOWKýULVN
DVVHVVPHQWýRIýFKHPLFDOýPL[WXUHVïýý)HGHUDOý5HJLVWHUýèìãýêéíìéðêéíëèïýý6HSWHPEHUýëéïýý

8ï6ïý(3$ïýýìäåçEïýý8ï6ïý(QYLURQPHQWDOý3URWHFWLRQý$JHQF\ïýý8VHUVý0DQXDOýIRUýWKHý+XPDQ
([SRVXUHý0RGHOýõ+(0ôïýý5HVHDUFKý7ULDQJOHý3DUNñý1&ãý2IILFHýRIý$LUý4XDOLW\ý3ODQQLQJýDQG
6WDQGDUGVïýý(3$ðèéíîèðåçðííìïýý-XQHï

8QLYHUVLW\ýRIý&DOLIRUQLDïýýìääåïýý+HDOWKýDQGýHQYLURQPHQWDOýDVVHVVPHQWýRIý07%(ï
KWWSãîîWVUWSïXFGDYLVïHGXîPWEHUSWïýý

YDQýGHý0HHQWñý'ïýýìääêïýý6,03/(%2;ãýý$ýJHQHULFýPXOWLPHGLDýIDWHýHYDOXDWLRQýPRGHOïýý5HSRUW
1Rïýçæëæëíýííìïýý1DWLRQDOý,QVWLWXWHýRIý3XEOLFý+HDOWKýDQGý(QYLURQPHQWDOý3URWHFWLRQýõ5,90ôïý
%LOWKRYHQñý1HWKHUODQGVï
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129(0%(5ýìäää 75,0ý67$786ý5(3257ììðìí

9DVXñý$ï%ïñý5ï*ïý+HWHVñý7ïý3DOPDñýDQGý7ï(ïý0F.RQHïýýìääåïýý75,0ãý$ýPXOWLPHGLDñ
PXOWLSDWKZD\ýIUDPHZRUNýIRUýDVVHVVLQJýKXPDQýDQGýHFRORJLFDOýH[SRVXUHýDQGýULVNïýý6RFLHW\ýRI
(QYLURQPHQWDOý7R[LFRORJ\ýDQGý&KHPLVWU\ïýýìäWKý$QQXDOý0HHWLQJïý

9DVXñý$ïñý0ïý'XVHW]LQDñý5ïý+HWHVñý7ïý3DOPDñý+ïý5LFKPRQGñý7ïý0F.RQHñýDQGý7ïý-RKQVRQïýýìääæïý
,QWURGXFWLRQýWRýWKHý7RWDOý5LVNý,QWHJUDWHGý0HWKRGRORJ\ýõ75,0ôïýý$QQXDOý0HHWLQJýRIýWKHý6RFLHW\
RIý5LVNý$QDO\VLVñý:DVKLQJWRQñý'&ïý

9RVHñý'ïýýìääçïýý4XDQWLWDWLYHýULVNýDQDO\VLVãý$ýJXLGHýWRý0RQWHý&DUORýVLPXODWLRQïýý:HVWý6XVVH[ñ
(QJODQGãýý-RKQý:LOH\ý÷ý6RQVý/WGï

<DQJñý6ï<ï1ïñý'ï:ïý&RQQHOOñý'ï:ïý+DZNHUñýDQGý6ï,ïý.D\DOïýýìääìïýý3RO\F\FOLFýDURPDWLF
K\GURFDUERQVýLQýDLUñýVRLOñýDQGýYHJHWDWLRQýLQýWKHýYLFLQLW\ýRIýDQýXUEDQýURDGZD\ïýý7KHý6FLHQFHýRIýWKH
7RWDOý(QYLURQPHQWïýýìíëãëëäðëéíï

=LPPHUñý5ñý-ïý'HHñý'ïý-RQHVñý%ïý6DPSOHñýDQGý*ïý6XWHUïýýìääæïýý8VHýRIý(FR)D7(ýLQýPRGHOLQJ
SROOXWDQWýPDVVýWUDQVIHUVýDQGýVXEVHTXHQWýULVNVýZLWKLQýDTXDWLFýV\VWHPVïýý6RFLHW\ýRIý(QYLURQPHQWDO
7R[LFRORJ\ýDQGý&KHPLVWU\ïýýìåWKý$QQXDOý0HHWLQJï


